SUMMARY: Postural or Parkinson-like tremor, which results from the impairment of mechanisms which are predominantly lateralized in the brain, is most likely related to the combined impairment of the dopaminergic nigrostriatal pathway and the corresponding rubroolivo-cerebello-rubral loop (without excluding the possibility that other nervous mechanisms interconnected with these structures may represent an alternative disturbance). The integrity of the internal division of the pallidum and the ventrolateral area of the thalamus and their efferent fibers as well as the motor cortex and certain of its cortico-subcorticospinal pathways (Figures 1 and 2) is apparently an essential feature for the elaboration of the rhythmic bursts associated with the appearance of postural tremor. The integrity of the spinal sensory roots and the rubro-tegmentospinal tract is not a prerequisite for the expression of postural tremor, a condition which seems essential for the production of rigidity. The latter facts suggest that the disturbances which subserve these two types of motor impairment, often concomitantly present in Parkinsonism, partially involve the impairment of different mechanisms although the loss of the DA fibers originating in the substantia nigra and ending in the neostriatum (Figure 1) appears to represent a disturbance common to both types of disorders.
Bradykinesia which may be associated with an impairment of catecholamine metabolism (and more Over approximately the last three decades the characteristic signs of Parkinsonism have been experimentally reproduced by lesions or drugs or a combination of both procedures in monkeys (Poirier and Sourkes, 1972; Poirier et al., 1975) .
POSTURAL OR RESTING TREMOR
Postural or resting tremor has been observed as a transient phenomenon following tegmental lesions of the pons and midbrain by Mettler and Whittier (1947) ; Ward et al. (1948) ; Peterson et al. (1949) and Carpenter (1956) . Poirier (1960) and Poirier et al. (1966 Poirier et al. ( , 1969b Poirier et al. ( , 1972a have described sustained postural tremor that involved the contralteral limbs following unilateral lesions of the midbrain ventromedial tegmental area. The tremor resulting from such lesions was most often associated with hypotonicity and/or hypokinesia of the corresponding limbs (Poirier, 1960; Poirier et al., 1969b) . These findings have led to different conclusions. Thus Peterson et al. (1949) suggested that the tremor resulting from tegmental lesions could be a consequence of the interruption of "supressor relays descending from the basal ganglia". In the light of more recent data concerning the distribution of the efferent nervous pathways from the basal ganglia (Nauta and Mehler, 1966; Kuo and Carpenter, 1973) , however, the midbrain tegmentum does not appear to receive important descending nervous fascicles from the striopallidal structures. Taking account of the presence of abundant ascending cerebellofugal fibers and of the red nucleus at the level of the midbrain tegmentum Carrea and Mettler (1947) proposed that the in-THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES Figure 1 (above)-Schematic drawing of the rubrotegmentospinal tract (R.-TS.) and of intrinsic connections of striopallidal (extrapyramidal) system. CD, caudate nucleus; IL, intralaminar nuclei; M.P., magnocellular and parvocellular division of red nucleus, resp.; PAL, pallidum; P.I.S.P., pallido-intralamino-strio-pallidal loop; PSP, pallidosubthalamo-pallidal loop; SN, substantia nigra; STH, subthalamic nucleus; VA, VL ventral anterior and ventral lateral thalamic nuclei.
STRIO-NIGRAL
Figure 2 (right)-Schematic drawing to illustrate the outflow of the striopallidal system and corticofugal and cerebellofugal fibers related to the striopallidal system. The rubro-olivocerebello-rubral loop is also shown. C.S., corticospinal
INF. OLIVE
pathways; D.I.F., cerebellar dentate, interpose and fastigial nuclei; IL, intralaminar nuclei; M.P., magnocellular and parvocellular division of the red nucleus, respectively; PAL, pallidum; PUT, putamen; SN, substantia nigra; STH, subthalamic nucleus; VA, VL, ventral anterior and ventral lateral thalamic nuclei.
terruption of the ventral component of the brachium conjunctivum is an important factor in the production of "simple" tremor. Carpenter (1961) suggested a somewhat different explanation considering that postural tremor results from damage to the ascending cerebellofugal fibers caudal to the level of the red nucleus. Poirier (1960) observed that upper brain stem tegmental lesions resulting in postural tremor were associated with a marked cell loss in the homolateral substantia nigra. Therefore it was suggested that this type of tremor may imply the combined involvement of nigral ascending efferents and the corresponding rubrospinal tract (Figure 1 ) (Poirier, 1960) . The cell loss in the substantia nigra associated with such lesions in animals is closely related to the well-known neuropathological changes described in the substantia nigra of patients with Parkinsonism (Tretiakoff, 1919; Hassler, 1938; Escourolle et al., 1971) .
Parkinson-like signs including postural tremor have been observed following the chronic administration of reserpine (Bein, 1953) and phenothiazine (Delay et al., 195b; Bernheimer and Hornykiewicz, 1965) and butyrophenone derivatives (Divry et al., 1960) to nonParkinsonian patients. In the monkey harmaline, a short-acting monoamine oxidase inhibitor which causes peculiar metabolic effects (Singh et al., 1967) , either increases the already present postural tremor, or else, may induce tremor in nontremoring monkeys with lesions that may spare the nigrostriatal pathway (Poirier etal., 1966 (Poirier etal., , 1969b .
The disclosure of distrubances of monoaminergic metabolism especially at the level of the striatum in the brains of Parkinsonian patients (Ehringer and Hornykiewicz, 1960; Bernheimer et al., 1961 Bernheimer et al., , 1973 Hor-nykiewicz, 1966 ) and of monkeys with lesions-induced Parkinsonian signs (Poirier et al., , 1969b (Poirier et al., , 1972a Goldstein et al., 1969b) has permitted the establishment of the relationship between these metabolic disturbances and the appearance of Parkinsonian signs. Such a relationship has been greatly facilitated by the identification of the monoaminergic neurons and the distribution of their efferent fibers with the help of the histofluorescence method (Dahlstrom and Fuxe, 1964; Anden et al., 1965) and the combined use of biochemical and histopathological approaches (Poirier and Sourkes, 1965, 1972; Sourkes and Poirier, 1966; Goldstein et al., 1966 Goldstein et al., , 1969a . On the one hand, these various data have determined the importance of the histopathological changes at the level of the substantia nigra and the associated dopamine decrease in the neostriatum (caudate nucleus and putamen) in the production of the most characteristic signs of Parkinsonism. On the other hand these findings have also contributed in elucidating drug-induced Parkinsonism as these drugs have been shown to interfere with brain monoamine metabolism. Thus the interruption of the nigrostriatal pathway leads to a cell loss (retrograde degeneration) in the corresponding substantia nigra and an associated decrease of dopamine (DA) in the ipsilateral neostriatum (Poirier and Sourkes, 1965; Poirier et al., 1966) , the latter effect most likely resulting from the loss of important enzymes involved in monoamine metabolism, namely, tyrosine hydroxylase (Goldstein et al., 1966; Poirier et al., 1969c) and DOPA (5-HTP) decarboxylase (Anden et al., 1966; Goldstein et al., 1969a; Lancaster et al., 1970) . Sftnilar enzymic defects have also been disclosed in the brains from Parkinsonian patients (Lloyd and Hornykiewicz, 1970) .
In other studies it was observed that ventromedial tegmental lesions that interrupted the nigrostriatal pathway ending in the striatum without extensively damaging other structures did not result in tremor even when harmaline was injected to the animals. In contradistinction monkeys with more dorsally located lesions of the tegmentum that spared the nigrostriatal pathways displayed tremor of the contralateral limbs in response to harmaline (Poirier et al., 1969b) . The latter findings suggested that harmaline may in some way duplicate the effect of interrupting the dopaminergic mechanisms by causing a transient inactivation of the latter mechanisms. In addition, the above observations suggest that the production of postural tremor not only involves the impairment of the striatal dopaminergic mechanism but also the disruption of other nervous mechanisms. In the light of these data, lesions were placed in different sites of the lower brain stem in order to interrupt the rubro-olivocerebello-rubral loop at different sites . Such lesions which per se did not cause tremor resulted in tremor when harmaline was injected. Thus a lesion destroying either the rubro-olivary component of the central tegmental tract, the principal inferior olive, olivo-cerebellar fibers before their crossing or cerebellofugal fibers after their crossing in the superior cerebellar peduncle resulted in tremor of the contralateral limbs after the administration of harmaline. Harmaline was also associated with tremor of the ipsilateral limbs in monkeys with lesions that damaged the olivo-cerebellar fibers after their crossing, the lateral (dentate) cerebellar nucleus or the cerebellofugal fibers before their crossing in the superior cerebellar peduncle. From these findings it was concluded that this loop (Figure 2 ) which includes the parvocellular division of the red nucleus, the corresponding rubroolivary fibers, the corresponding part of the inferior olive and its efferent fibers, the cerebellar cortex and the lateral cerebellar nucleus and its efferent fibers represents an important mechanism in the control of motor activity.
In the light of these findings alpha-methyl-p-tyrosine (AMT), a known tyrosine hydroxylase inhibitor (Spector et al., 1965; Udenfriend et al., 1965) , which leads to a gradual decreased concentration of dopamine (DA) and noradrenaline (NA), was tested in lesioned monkeys. The injection of AMT (150mg/kg, i.p.) to monkeys with lesions of the rubro-olivo-cerebellorubral loop caused postural tremor which took place 5-7 h after the injection of the drug. Under such conditions the administration of L-DOPA (appprox. 30mg/kg, i.p.) abolished the AMT-induced tremor within 10-15 min. for a period of approximately 45 min. Larochelle et al., 1971 ). This effect is most likely related to the conversion of dopa to dopamine within the terminals of the nigrostriatal pathways which are spared in animals with such lesions. Therefore these results point to the importance of the inactivation of the neostriatal DA mechanisms in the production of postural tremor. This is further supported by the fact that reserpine which depletes monoamines stores, and thioproperazine, which, like other phenothiazine derivatives, blocks the dopamine receptors, also induce tremor in monkeys with lesions of the rubro-olivo-cerebellorubral loop (Larochelle et al., 1971) . The Parkinson-like syndrome (including postural tremor) observed following the chronic administration of reserpine, and phenothiazine and butyrophenone derivatives (see references above) to non-Parkinsonian patients further substantiates the possibility that the involvement of brain monoaminergic mechanisms represents an important factor in the appearance of tremor and other signs of Parkinsonism. These drugs which interfere with the metabolism of monoamines duplicate in some way or another the effects of lesions encountered in Parkinsonism.
Anticholinergic drugs, in spite of annoying side-effects, have been shown to counteract Parkinsonian signs. In view of the fact that the neostriatum (caudate nucleus and putamen) is rich in acetylcholine and the corresponding metabolic enzymes, cholinesterase and choline acetylase, it is conceivable that the cholinergic mechanisms of the neostriatum deprived of the influence of the dopaminergic endings (as a consequence of the interruption of the nigrostriatal pathway or the pharmacological inactivation of the DA mechanisms) play an important role in the production of the abnormal rhythmic bursts associated with postural tremor (Figure 2 ). In this respect it is worth mentioning that postural tremor induced in lesioned monkeys by AMT, reserpine and thioproperazine is abolished by benztropine (Larochelle et al., 1971) . It is also pertinent to mention that the internal division of the pallidum which is involved in the production of tremor (cf postea) is recipient of important cholinesterasic (Olivier et al., 1970) and gabaminergic (Kim et al., 1971 ) nervous fascicles originating in the neostriatum.
The results of stereotaxic surgery point to the fact that the globus pallidus and the ventrolateral area of the thalamus whose destruction may alleviate Parkinsonian tremor and rigidity (Myers, 1942; Guiot and Brion, 1953; Cooper and Bravo, 1958; Hassler and Riechert, 1958) are actively involved in the elaboration of the rhythmic bursts associated with resting tremor. The evidence that tremor is not abolished by deafferentation of the limbs in Parkinsonian patients (Pollock and Davis, 1930) and in lesioned monkeys (Ohye et al., 1970) supports the idea that the abnormal rhythmic bursts are centrally built up. In this respect the motor and premotor cortices together with the ventrolateral thalamus and the corresponding pallidum apparently play an important role in the elaboration of the abnormal rhythmic activity associated with postural tremor (Figure 2) . As a matter of fact postural tremor may be abolished by removal of the motor cortex in Parkinsonian patients (Klemme, 1940; Bucy and Case, 1949) and in lesioned monkeys (Poirier et al., 1969b) . Therefore the nervous circuitry represented by the pallidothalamic fibers to the VL, corresponding thalamocortical fibers and corticofugal fibers from the motor areas of the cortex plays an important role in the elaboration and in downward transmission of impulses responsible for the production of postural tremor (Figure 2) .
The interruption of the direct corticospinal fibers at peduncular or spinal cord level (Ohye et al., 1970) however, does not prevent the appearance of postural tremor in monkeys (as also reported in hemiplegic patients). These facts coupled with the observation that the destruction of the motor cortex (associated with a partial degeneration of the pyramid) abolishes tremor, suggest that the indirect cortico-subcortico-spinal system (from the motor cortex) is more directly involved than the direct corticospinal system in the transmission of the nervous impulses related to the production of postural tremor.
In the light of the data summarized above it appears that Parkinson-like tremor involves the combined impairment of the striopallidal system and the rubro-olivocerebello-rubral loop (or nervous connections directly related to this loop (Figures 1 and 2) . The most characteristic disturbance within the striopallidal system implies the dopaminergic mechanism which morphologically corresponds to the nigrostriatal pathway. The latter pathway includes the neurons of the substantia nigra and nucleus parabrachialis pigmentosus and their endings in the homolateral caudate nucleus and putamen which in turn give rise to strionigral fibers (Voneida, 1960; Szabo, 1962) . The latter group of fibers (strionigral), particularly rich in acetylcholinesterase (Olivier et al., 1970) , may represent a feedback mechanism by which the neostriatum controls its own needs in DA. Moreover, the strionigral pathway is involved in the elaboration of GABA in the corresponding nigra (Kim et al., 1971; McGeer et al., 1973) . Therefore different putative neurotransmitters are possibly responsible for the control of the nervous activity at the level of the substantia nigra.
The neostriatum also gives rise to other acetylcholinesterasic (Olivier et al., 1970) and gabaminergic (Kim et a l , 1971; McGeer et al., 1973) fibers ending in the globus pallidus.
Therefore an impairment of the DA mechanism of the neostriatum in turn may result in a disturbance of the nervous activity within the pallidum and correspondingly in the ventrolateral area of the homolateral thalamus and motor cortex. As mentioned earlier destruction or removal of these structures may alleviate postural tremor suggesting that they play an important role in the elaboration of the rhythmic activity associated with this type of tremor. In so far as the pallidum is concerned Filion and others (1974) have disclosed abnormal rhythmic activities in the internal division of this structure in a monkey that displayed akinesia and postural tremor and rigidity (associated with the cogwheel phenomenon) of the four limbs following bilateral upper brain stem lesions . A similar syndrome had been described earlier in two monkeys (Poirier, 1960) . Using a technique for recording extracellular unit activity in unanesthetized animals pallidal neurons from both sides were recorded in the above-mentioned animals. All neurons displayed a high rate of discharge up to complete silence followed by a gradual return to pre-injection rates and patterns of discharge. These changes were coincident with the decrease and recovery of tremor, rigidity and akinesia (Filion et al., 1974) . These data obtained in a monkey suggest that the bilateral interruption of the nigrostriatal DA pathways could be responsible for the abnormal nervous activity at the level of the striopallidum. This defect of nervous activity, however, is blocked when a DA agonist is used to counteract the signs of Parkinsonism.
As mentioned above postural tremor involves not only a disturbance within the striopallidal system (more especially the DA mechanism) but also an impairment of the corresponding rubro-olivo-cerebello-rubral loop. A disturbance of the latter mechanism most likely causes a peculiar imbalance within the cerebellum or, possibly, a loss of influence normally originating in this structure. This in turn, results in a disturbance of the output from the deep cerebellar nuclei. In view of the fact that drugs interfering with DA metabolism induce postural tremor in monkeys with lesion of the dentate nucleus but not in monkeys with lesion of the medial (fastigjal) and interpose nuclei it is con-" ceivable that the main disturbance of the cerebellar outflow involved in the production of postural tremor may be identified with the efferent fibers of the dentate nucleus which predominantly project to the midbrain tegmentum and the thalamus. A modification or a loss of cerebellar [ influence to the ventrolateral i thalamus may represent an impor-I tant factor in the production of post-I; ural tremor. If this were the case, the I expression of sustained postural tremor may well involve the loss or disturbance of a dual influence norImally reaching the ventrolateral thalamus and originating in the cerebellar dentate nucleus and the internal division of the corresponding " globus pallidus, respectively (Figj ures 1 and 2 ). Therefore it is not surprising that this area of the thalamus which is also interconnected with the motor cortex represents the most ; important target to destroy in order , to alleviate postural tremor and rigidity in Parkinsonian patients.
I RIGIDITY I
In this paper rigidity characterized I by increased muscle tone (as deter-I mined by passive movements of I segments of the limbs) will be mainly discussed in relation to the so-called extrapyramidal disorders. The most common type of hypertonicity usually associated with the cog-wheel phenomenon is encountered in Parkinsonism as a consequence of disease or chronic treatment with certain neuroleptic drugs. According to Hoffman (1934) and Wiesendanger (1972) rigidity could result from an exaggeration of the tonic stretch reflexes as a consequence of a disturbance between the different supraspinal nervous impulses reaching the motor neurons. Rigidity as encountered in Parkinsonian patients is as-I sociated with histopathological | changes involving different known 1 monoaminergic structures and other I Poirier et al. structures (Tretiakoff, 1919; Hassler, 1938; EscouroUe et al., 1971 ). It has been described as a more isolated phenomenon in association with strionigral degeneration (Adams et al., 1964; Rajput et al., 1972) a disease more specifically characterized by symmetrical degeneration of both putamina (Adams, 1968) and secondary atrophy of the globus pallidus, the latter defect being considered a consequence of the degeneration of the striatofugal fibers (EscouroUe et al., 1971) . Attempts to produce rigidity by lesions, generally speaking, have not been successful and the hypertonicity reported following extensive brain stem damage is considered to be more closely related to spasticity than to Parkinson-like rigidity. Experimental ventromedial tegmental lesions in the monkey resulting in postural tremor are most often associated with hypotonicity in the corresponding limbs (Poirier, 1960; Poirier et al., 1969b Poirier et al., , 1972a , a feature also reported in patients with Parkinsonism following traumatic lesions of the midbrain ventromedial tegmental area (Kremer et al., 1947) . Hypertonicity associated with tremor of the limbs has been observed in two monkeys following bilateral lesions at the level of the rostral midbrain and caudal -hypothalamus (Poirier, 1960) . In more recent studies (Laorchelle et al., 1974; Pechadre et al., unpublished data) rigidity associated with the cogwheel phenomenon was produced in two monkeys. In both animals the lesions bilaterally destroyed important monoaminergic pathways (including the DA nigrostriatal pathways) at the base of the midbrain. They also involved cerebellothalamic and rubro-olivary fibers as well as the parvocellular division of the red nucleus on both sides in one monkey and on the right side in the other monkey. In the latter animal rigidity and postural tremor were present only in the left limbs. Moreover, the magno-cellular division of the red nucleus and corresponding rubro-spinal and tegmentospinal pathways were spared in these two monkeys (Pechadre et al., unpublished data) . In view of the fact that damage to the latter structures is associated with hypotonia of the limbs (Poirier, 1960; Poirier et al., , 1969b it appears reasonable to assume that the integrity of the magnocellular division of the red nuclei and of the rubro-tegmentospinal tracts is a prerequisite for the production of this type of rigidity. In the light of these data the involvement of monoaminergic pathways (especially the DA nigrostriatal pathways) and of the parvocellular division of red nucleus and/or the cerebellothalamic fibers apparently represent important factors in the production of rigidity. The impairment of the monoaminergic mechanisms (especially those of the neostriatum) in the production of rigidity is supported by the observation that severe monoaminergic disturbances have been disclosed in the brains of Parkinsonian patients (Hornykiewicz, 1966) . This is further substantiated by pharmacological studies in man and animals. Akinesia, tremor and rigidity have often been described in nonParkinsonian patients following the chronic administration of drugs known to interfere with monoamine metabolism such as reserpine or phenothiazine and butyrophenone derivatives. The fact that L-DOPA may suppress reserpine-induced rigidity in these patients (Degkwitz et al., 1960) in whom the nigrostriatal DA mechanisms are presumably intact supports the idea that a brain catecholamine decrease or inactivation represents an important contributory factor in the genesis of rigidity. The administration of a single or a few large doses of reserpine or phenothiazine and butyrophenone derivatives most often do not result in rigidity (Bedard, 1971 ) despite the associated monoaminergic disturbances. The production of rigidity therefore appears to involve the long-term metabolic effects of these drugs which may interfere with various centers of the CNS in addition to their more specific effects on monoaminergic mechanisms. The possibility that a catecholaminergic defect (especially at the level of the striatum) represent an important fac-AUGUST 
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tor in rigidity is further substantiated by the observation that rigidity is transiently and completely alleviated by the administration of apomorphine in animals with tegmental lesions interrupting bilaterally the nigrostriatal pathways (Pechadre et al., unpublished data). As mentioned above the latter effect which is not duplicated by L-DOPA is associated with characteristic changes of the nervous activity at the level of the internal division of the globus pallidus as shown by recording from single units (Filion et al., 1974) . Apomorphine which markedly decreases the activity of the neurons of the pallidum up to complete silence in monkeys with bilateral interruption of the nigrostriatal pathways, to some extent, duplicates the effects of surgical pallidectomy (Cooper, 1969) in Parkinsonian patients. The production of rigidity most likely implies an impairment of the rubroolivary tract and/or corresponding cerebello-thalamic fibers in addition to the monoaminergic defect. These data coupled with the evidence that rigidity may be either present or absent in Parkinsonian patients and moreover may be selectively reduced by rhizotomy (Pollock and Davis, 1930) or by thalamic surgery (Cooper, 1969) suggest that the CNS disturbances associated with rigidity are at least partially different than those responsible for the production of either akinesia or tremor. The integrity of the rubro-tegmento-spinal (Figure 1 ) system whose impairment apparently results in hypotonia (Poirier, i960; Poirier et al., 1972a) and does not prevent the appearance of tremor (Poirier et al., 1969b) may represent an important feature in the production of rigidity.
BRADYKINESIA AND AKINESIA In man bradykinesia and akinesia are more frequently associated with extrapyramidal disorders and more especially Parkinson's disease and Parkinsonism. The associated histopathological changes involve different areas of the brain stem and basal ganglia as a result of vascular, infectious, anoxic, metabolic and other disturbances. In this study it appears pertinent to take account of certain data observed in the brains of patients in whom akinesia represented an important feature.
In the light of most common histopathological changes found at the level of the substantia nigra, Tretiakoff (1919) , Hassler (1938) , Benda and Cobb (1942) , and Escourolle et al. (1971) considered the reduction of the number of neurons as well as the cytoplasmic inclusions of the Lewy type and neurofibrillary degeneration as the most characteristic changes related to the production of Parkinsonism. These lesions in the substantia nigra are usually associated with more or less severe and diffuse damage in other structures of the brain stem and basal ganglia.
Severe akinesia in the absence of other Parkinsonian signs has been reported following complete and diffuse degeneration more or less restricted to the pallida (Contamin et al., 1971; Escourolle et al., 1971) . As mentioned earlier neurochemical studies have revealed that brain monoamines and especially DA are in abnormally low concentrations, especially at the level of the neostriatum, in the brains of patients who had shown a Parkinsonian syndrome (Ehringer and Hornykiewicz, 1960; Hornykiewicz, 1963; Bernheimer et al., 1963 Bernheimer et al., , 1973 . The suspected correlation between the histopathological changes in the substantia nigra and the associated decreased monamine concentration in the neostriatum was established in monkeys with lesion-induced Parkinsonism. The interruption of the nigrostriatal pathway leads to a retrograde degeneration of the corresponding substantia nigra whose severity is directly related to the importance of the DA depletion in the homolateral caudate nucleus and putamen (Poirier etal., 1966 (Poirier etal., , 1969b .
Drug-induced Parkinsonism including more or less severe akinesia has been repeatedly reported in psychiatric patients chronically treated with neuroleptic drugs such as reserpine (Bein, 1953) and phenothiazine (Delay et al., 1956) and butyrophenone derivatives (Divry et al., 1960) . All these drugs interfere with monoamine metabolism and, in some way, they more or less duplicate the effects of the lesions encountered in Parkinsonism. Bradykinesia without rigidity and tremor have been produced in non-lesioned animals by the injection of single dose of the above-mentioned drugs. Moreover bradykinesia induced by reserpine may be transiently counteracted by L-DOPA (Larochelle et al., 1971) . Akinesia whose severity is dosedependent may also be produced in non-lesioned monkeys by the administration of alpha-methyltyrosine (AMT), a tyrosine hydroxylase inhibitor (Spector et al., 1965) . This drug, however, does not prevent the conversion of L-DOPA to dopamine. Therefore the administration of L-DOPA completely and transiently reverses the AMTinduced akinesia provided that the nigrostriatal pathways are intact Larochelle et al., 1971) . These results point to the relationship between the loss of monoamines and, more especially, DA within the nervous tissue and the production of bradykinesia and akinesia. As the concentration of DA in the nervous tissue is comparatively higher in the neostriatal tissue (amounting to approximately 80% of the DA content of the whole brain according to Hornykiewicz, 1971) than in other brain areas it is imaginable that the neostriatal DA plays a major role in the type of psychomotor activity associated with the performance of purposeful and spontaneous movements. More or less severe akinesia with or without catatonia or catalepsy may result from bilateral lesions placed at the level of the base of the rostral midbrain and/or caudal hypothalamus in different species (Ranson and Ingram, 1932; Ranson, 1939; Harrison, 1940; Poirier, 1960) . These lesions more particularly interrupt ascending monoaminergic pathways ending in the neostriatum, the telencephalon and other structures of the upper brain stem (Heller et al., 1962; Poirier et al., 1967a Poirier et al., , 1967b Poirier et al., , 1969a Bedard et al., 1969; Parent et al., 1969) and, in some way, they reproduce the monoaminergic inactivation achieved by the administration of such drugs as reserpine, AMT or phenothiazine and butyrophenone derivatives. A more careful study of the lesions located in these brain areas and of the associated behavioral effects, however, disclosed that certain lesions at caudal hypothalamic level may result in a slight decrease of spontaneous locomotor activity despite the fact that the DA pathways ending in the neostriatum are bilaterally and extensively involved. This is in contrast to the fact that bilateral lesions at the level of the rostral midbrain cause a severe akinesia which gradually develops postoperatively (Poirier, 1960) . The latter findings raise the question whether a more complete interruption of the monoaminergic pathways is achieved by lesions at the level of the rostral midbrain than at the level of the caudal hypothalamus. In this respect it is worth mentioning that the bilateral destruction of the pallidofugal pathways at the level of Forel's H fields results only in bradykinesia which may be overcome by the animal (Pechadre et al., unpublished data). Under such conditions this procedure deprives areas receiving fibers from the striopallidal system not only of the influence of dopamine but also of other putative neurotransmitters such as GABA and acetylcholine. Therefore it appears that akinesia involves a more complete interruption of the monoaminergic pathways than the sole interruption of the dopaminergic pathways or even the almost complete exclusion of the influence of the striopallidal systems on other areas of the brain. Further work is needed to establish the relative importance of the loss of the DA nervous mechanisms over against other catecholaminergic pathways in the production of akinesia. Other catecholaminergic pathways possibly involved in the control of locomotor activity include ascending pathways ending in various structures of the midbrain, diencephalon and cortex.
The rapid effect of L-DOPA in counteracting akinesia induced by AMT or reserpine in the presence of intact nigrostriatal DA mechanisms must be judged alongside the fact that tremor is often exaggerated by L-DOPA in patients (Rondot and Ribadeau-Dumas, 1972 ) and moreover the antitremoregenic effect of L-DOPA takes place after a prolonged period of L-DOPA treatment in Parkinsonian patients. Therefore the beneficial effects of L-DOPA on bradykinesia and akinesia in patients with a loss of DA neostriatal mechanisms could imply ill-defined metabolic effects resulting from the chronic administration of L-DOPA. In contradistinction to the latter results, severe akinesia induced by bilateral ventromedial tegmental lesions at upper brain stem level (Poirier, 1960 ) may be transiently overcome by the administration of apomorphine , a dopamine agonist thought to produce its effect by stimulating the DA receptors (Ernst, 1967) . Bradykinesia associated with the bilateral interruption of the pallidofugal fibers which represent the main outflow of the strio-pallidum system, however, is not reversed by apomorphine (Pechadre et al., unpublished data). On the one hand, the latter findings suggest that the integrity of the internal division of the pallidum (from which arise the pallidofugal fibers) (Figure 2) is essential for the beneficial effect of dopamine agonists on akinesia as well as on tremor and rigidity (cf antea). On the other hand these findings also suggest that dopamine agonists such as apomorphine exert their anti-Parkinsonian effects predominantly through the neostriatum. In this respect Filion et al. (1974) have observed that the abnormal activity of single neurons in the internal division of the pallidum associated with bilateral upper brain stem tegmental lesions is significantly decreased up to a complete arrest when apomorphine is peripherally administered (cf antea). Under such conditions the gradual decrease of abnormal nervous activity and its return to pre-injection patterns coincide with the disappearance and reappearance of akinesia, rigidity and tremor (Filion et al., 1974) . These results suggest that DA agonists, such as apomorphine, which decrease the activity of the neurons of the internal pallidum to almost complete silence in the Parkinsonian monkey, produce effects that are similar to those associated with pallidectomy in Parkinsonian patients (Cooper, 1969) .
DISCUSSION
Olivier (Montreal) inquired whether the effects of bilateral pallidal lesions in monkeys had been investigated, since the lesion in one of Poirier's monkeys extended forward to the level of the 4H field where it might involve pallidothalamic fibers. He wondered whether changes in the clinical picture as well as in single unit activity in globus pallidus might be the result of bilateral deprivation of pallidothalamic impulses. Poirier stated that he had attempted to produce bilateral pallidal lesions, but that in most cases there was also involvement of surrounding structures such as the internal capsule, making it difficult to determine whether the resulting akinesia was a specific effect of the pallidal lesion. He felt that the lesion at the level of the 4H fields did produce a Parkinsonian syndrome by interrupting pallidopetal fibers. Olivier wondered whether the apparent marked decrease in aggressiveness was merely part of the overall decrease in reactivity or possibly a more direct result of the specific anatomic lesion. Poirier could not give a specific answer to this, but since the monkeys became more active and alert following apomorphine, it suggested to him that decreased aggressiveness could have been caused by specific interference with responses mediated by dopamine or norepinephrine. 
SUMMARY

